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Who am I?



Flexible Printed Electronics
Substrates

Flexible, stretchable, dissolvable

Polyimide Silicon Kapton

Metallic sheet Polymers Ceramics

Plastics Glass Paper

Manufacturing
High precision, sheet based, production

Plasma Flame Roll to Roll Gravure

Aerosol-jet Ink-jet Flexo

Screen printing Transfer E-jet 

Inks
Aqueous, catalyst, CNT infused, etched

Photovoltaics Conductors Metals

Insulators Semiconductors Polymers 

http://www.polyic.com/index.php
http://www.polyic.com/index.php
http://www2.dupont.com/DuPont_Home/en_US/index.html
http://www2.dupont.com/DuPont_Home/en_US/index.html


The world's first printed non-volatile 
memory device addressed with 
complementary organic circuits, the organic 
equivalent of CMOS circuitry

Slot-die coating of PlexcoreTM photo-
voltaic ink system on a 500mm R2R line 

Thick film R2R deposition 
of solid state battery

Ink-jet printed gas sensor array 
using polymer functionalization

UofI researchers develop 
nanoparticle inks to print 
3D antennas

Typical flexible printed antenna

Blast dosimeters, printed with electronic 
sensors, memory processors and thin-film 
batteries. (made for DoD by PARC)

These flexible carbon 
nanotube integrated 
circuits are the fastest 
low-power transistor 

arrays ever fabricated 
using a printer.

Flexible Organic 
Photovoltaic cell 
(Source: Fraunhofer 
ISE)

The printed, flexible and 
ecologicalSoftBattery® 

SENSORS ANTENNAS

MEMORY/LOGICBATTERYPHOTOVOLTAIC



An Overview of 
2D and 3D

Printed Systems

KISS Workshop - Adaptive Multi-Functional 
Space Structures for Micro-Climate Control 

May 19-23, 2014

Kendra Short
Jet Propulsion  Lab
California Institute of Technology

Printable Spacecraft: Flexible Electronic Platforms for NASA Missions
Kendra Short, Principal Investigator, JPL
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Trace #

Total Change in Resistance Pre- to Post- Testing
All Coupons

Coupon #1

Coupon #2

Coupon #3

Coupon #4

Coupon #5

Coupon #6

Environmental Testing – materials and device samples
Exposed substrate/ink material coupons and device samples to 
representative space environments.  Characterized properties before and 
after exposure.  No appreciable change in materials properties, electrical 
conductivity, or performance after exposure.

Bench-top Prototype – Printed Sensor Platform 
Successfully designed and fabricated a prototype of an end to end integrated sensor 
system. Demonstrated two independent measurements (temperature and light 
intensity), the ability to multiplex the signals using low voltage TFTs, printed 
interconnects, integration of discreet chips for processing/ADC/RF using flexible 
conductive adhesive and wireless transmission of data through printed antenna.

All 
Samples

Test Properties
Visual Inspection

Baseline Test Test Properties
Visual Inspect.
Funct. Test

Test Properties
Visual Inspection

Thermal 
Cycle/Soak

(-120 to +50 deg C)

Vacuum Exposure

(hard vacuum)

Radiation

(10-50 krad)

1	cm	
pull-up resistors

photosensorthermistor & 
bridge 
resistor

PIC RF chip

antenna

multiplex TFT

bridge 
resistor

capacitor

PEN substrate

Programmatic Assessment – reference mission concept
• Defined a Mars environmental reference mission utilizing sheet-based printed 

flutter landers. 
• Completed platform point design of printed flutter lander.
• Compared mass, cost and risk against traditional implementation.
• Prepared roadmaps towards implementation.

Pre-Decisional Information -- For Planning and Discussion Purposes Only



• Designed a “Reference 
Mission” application 
using printed Flutter 
Landers.

• Used as basis for 
cost/benefit analysis, to 
guide prototype design, 
set environmental test 
ranges, establish a 
roadmap

Pre-Decisional Information -- For Planning and Discussion Purposes Only



Scorecard: Printed vs Traditional

7

Team X Study validated and quantified the “scorecard”

Printed Traditional Same
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Confirmed through Team X



Printable Spacecraft Complete System - Version 2

pull-up resistors

photosensor

thermistor & 
bridge resistor

PIC

RF chip

antenna

multiplex TFT

bridge resistor

capacitor

PEN substrate



• G L Whiting et al 2017 Flex. Print. Electron. 2 034002

Figure 4. Complete sensor system. (A) Optical image of device with the various components annotated (i) thermistor and static

resistor for temperature sensor bridge (RT and RBT) (ii) photodiode (DPh) (iii) static resistor for photodiode bridge (RBPh) (iv)

photodiode multiplexing TFT (M2) (v) thermistor multiplexing TFT (M1) (vi) PIC (vii) RF IC (viii) antenna capacitor (Cant) (ix) pullup

resistors, antenna. (B) Gating signals for the multiplexing TFTs for the temperature sensor (blue line) and the photosensor (red

line) T1&T2 indicate the 1st and 2nd measurements taken from the temperature sensor and L1&L2 indicate the 1st and 2nd

measurements taken from the photosensor. (C) Irradiance (500 nmlight, red line) and temperature (blue line) data taken from sensor

system. (D) Calibration data for temperature (blue points) and irradiance (500 nmlight, red points).



Environmental Test Program

• Very little change before  to 

after in resistance, 

performance, stiffness of 

material samples and 

functional devices.

• Some delamination of traces 

and solder pads.  

All 
Samples

Test Properties
Visual Inspection

Baseline Test Test Properties
Visual Inspect.
Funct. Test

Test Properties
Visual Inspection

Thermal 
Cycle/Soak

(-120 to +50 deg C)

Vacuum Exposure

(hard vacuum)

Radiation

(10-50 krad)



Printable Spacecraft



WIN LOSE

“Printed Ground Penetrating Radar – Feasibility 
assessment”

Dr Sam Kim, JPL
JPL Internal funding ($30K)

Print-a-Sat – On orbit assembly and deployment of 3D and 
2D printed systems

NASA Ames 
NASA - Game Changing

“Materials and Electronic/Electromagnetic Device 
Development for NASA Printable Spacecraft”

Dr. Whites, SDSMT
NASA EPSCOR funding ($750K)

Development Roadmap and Investment Strategy for 
Printed and Flexible Electronics

Dr. Sergio Pellegrino, Caltech
Center Innovation Fund

“Fundamental Research Towards A Printable Spacecraft” 
Dr. Crawford, SDSMT
SD RIG funding, ($750K)

Flight Demonstration of a Printed Electronic Sensor 
System

Kendra Short, JPL
ESTO Quarterly Call

“Characterization of Printed Components Under Space 
Conditions”

Ian Markon, SDMST
NASA Space Technology Research Fellow

Generation 2 Printable Spacecraft
Kendra Short, JPL
JPL Topical R&TD 

“Digital Fabrication of Flexible Large-Area Hybrid Sensing 
Systems”

Dr. Greg Whiting, PARC
FlexTech Alliance funding ($400K)

Origami Folded – Printed solar panel
Brian Trease, JPL
Center Innovation Fund

STANLE Sounding Rocket Demo
Northwest Nazarene University 
JPL Internal Funding ($30K) + NASA RockSat-X

Post NIAC Proposals



Supporting/Consulting activities

• Consulted with JPL program managers and Excelis seeking 
advice on additive manufacturing directions/ benefits/ 
investments.

• A-Team participant – workshops for 2D and 3D printed, 
including brainstorming with Made in Space.

• Presented short course at KISS workshop on 2D&3D 
additive manufacturing.

• Participant in CalTech KISS workshop on Micro-climates led 
by Marco Quadrelli and Adrian Stoica.

• Consulted with National Academy of Engineering 
representatives for their report on additive manufacturing

• SME on Flexible Hybrid Electronics IMI RFI team for 
DOD/Airforce.
• Selected and established – see www.nextflex.usa

http://www.nextflex.usa/


EPSCOR:  “Development of Direct-Write Materials, and 
Electronic and Electromagnetic Devices for NASA Printable 
Spacecraft”  -- Dr. Dimitris Anagnostou

NSTRF 2014: “Characterization of Printed Components 
Under Space Conditions” – Dr. Ian Markon

RockSat X 

Program

Sounding Rocket demonstration of flexible 
printed electronics. 

Printable Spacecraft was flow as a 
secondary payload on the student vehicle.  

SAN JOSE, Calif., Aug. 24, 2016 - One year after Secretary of Defense 
Ashton Carter announced a $75-million award to advance the 
manufacturing ecosystem and workforce for flexible hybrid electronics 
(FHE) in the United States, NextFlex will commemorate the official 
opening of its manufacturing facility in San Jose

I supported as the NASA representative on the DOD team which lead to 
the selection of FHE as the next DOD IMI and issuance of the RFP.

Department of Defense-led 
Flexible Hybrid Electronics 
Manufacturing Innovation 
Institute

STEM Education:  Out of This World  -- “This exclusive series was 
developed through World Book's collaboration with the NASA -
National Aeronautics and Space Administration Innovative 
Advanced Concepts (NIAC) program”. Ages 10-14



Xerox PARC Team
Greg Whiting
David Schwartz
Tina Ng
Janos Verdes

Boeing Team
Jeff Duce

Princeton Team
Margaret Tam
Kathleen Riesing
Professor Stengel

JPL Team
Kendra Short
Dave Van Buren

CalTech Team
Sergio Pellegrino
John Steeves
Yamuna Phal

© 2017 California Institute of Technology. Government sponsorship acknowledged


